Abstract. Disparity of anion and cation in geopolymer framework may result in the formation of efflorescence on the surface of hardened geopolymer specimen. The existence of efflorescence would be intensified with the use of dipotassium hydrogen phosphate (K 2 HPO 4 ) as a chemical retarder for geopolymer mixture. In this study, paper mill sludge ash (PMSA) was used as a Ca-rich aluminosilicate source to reduce the development of efflorescence crystals. PMSA was utilized to partially replace fly ash at 5% and 10% (by weight of fly ash). Meanwhile, K 2 HPO 4 was used as the external agent with various proportions, which were 0.1%, 0.3%, and 0.5% (by weight of fly ash). The external agent in this study was purposed to extend the setting time and enhance the mechanical properties of geopolymer. Fly ash and PMSA (if any) were activated by reacting them with 6M sodium hydroxide and sodium silicate solution. Freshly cast specimens were cured for 24 hours in electronic oven with the temperature setting of 30°C and 90°C. They were demoulded after 24 h and kept at room temperature (28±2 °C) until the testing day. Evaluation on the setting time characteristic of fresh geopolymer mortar was conducted with Vicat test while degree of reaction was performed on the hardened specimens to measure the reaction of fly ash during geopolymerization. Based on the experimental result, the inclusion of 5% PMSA shows the greatest effect in reducing the development of efflorescence crystal and increase the degree of reaction of geopolymer system. It is presumed that PMSA has altered the geopolymerization process by activating calcium oxide precursors to form three tetrahedral structures in the framework.
Introduction
High calcium fly ash based geopolymer is one of the best alternatives to cement binders that have been widely recognized in the construction industries around the world due to its high performance and environmentally friendly properties. However, high amount of calcium in the fly ash will likely to contribute to the acceleration of setting time and low workability characteristic. It will limit the scope of application of geopolymer for concreting work, particularly during compaction process that requires good workability to avoid honeycomb and porous structure. Despite of its effect on the alteration of fresh geopolymer properties, the presence of calcium plays a significant role in developing the mechanical strength of hardened geopolymer specimen. Higher reactivity in this mixture will lead to the better hardening process in shorter curing time.
To enhance the performance of fresh geopolymer mortar, K 2 HPO 4 was selected as the external agent in this research. Based on the previous study, the excellent performance of fresh geopolymer properties was obtained at 0.5% K 2 HPO 4 (by weight of fly ash) inclusion. Increasing the dosage to 1% and 1.5% will significantly decrease the performance of fresh and hardened geopolymer and formed a structure of efflorescence on the surface of hardened specimen [1] . The structural degradation and formation of efflorescence were believed to be influenced by the imbalance of alkali in geopolymer. Alkali cation such as sodium (Na ) from the alkali solution are important as the charge-balancing cations to form a strong geopolymer structure. However, the mechanism of alkali activation is also controlling the nature and quantity of siliceous species. In addition, reactivity of raw material, alkali metal type, and characteristic of microstructure are among the factors that contribute to the formation of efflorescence [2, 3] . It is partly due to the weak structural bond in geopolymer framework. At large quantity, the existence of efflorescence crystals will strongly affect the mechanical and durability properties of geopolymer.
Efflorescence which may form in the adhesive-cladding interface, can exert disintegrating stresses that essentially bring about spalling or bond failure. Therefore few researchers have focused on the viable solution to reduce the formation of efflorescence. New approaches were introduced by Najafi where they investigated the effect of mineral admixtures such as metakaolin, ground granulated blast-furnace slag, and calcium aluminate cement in geopolymer [2] . It was observed that calcium aluminate cements showed the greatest effect in the reduction of efflorescence. Meanwhile, Allahverdi et al., (2011) studied the effect of blast furnace slag on basic engineering properties and efflorescence formation of natural pozzolan based geopolymer cement [4] . From their results, the use of blast furnace slag did not show any improvement in the strength performance of geopolymer cement containing natural pozzolans. However, 5% of blast furnace slag was able to reduce the development of efflorescence crystals. Therefore, this study was purposed to evaluate the role of secondary Ca-rich source material, i.e. PMSA, on the degree of reaction and reduction of efflorescence in fly ash based geopolymer.
Research Methodology
In this study, Class-C fly ash from Manjung coal fired power plant was used as primary aluminosilicate source material and activated with a combination of Na 2 SiO 3 and 6 M of NaOH solutions. Na 2 SiO 3 solution used in this research has the modulus ratio (Ms) equal to 2 where Na 2 O=14.73%; SiO 2 =29.75% and H 2 O=55.52%. K 2 HPO 4 was used as a chemical retarder at various proportions i.e. 0.1%, 0.3%, and 0.5% (by weight of fly ash). Retarder is included to enhance the properties of geopolymer mixture via the extension of setting time and enhancement of mechanical properties. The occurrence of efflorescence due to the use of this retarder was diminished with the inclusion of PMSA as the secondary source material. PMSA was collected from Malaysian Newsprint Industries, Mentakab and included in the mixture at 5% and 10% (by weight of fly ash) amount. The chemical compositions of fly ash and PMSA were evaluated with XRay Fluorescence (XRF) analysis and the results are presented in Table 1 . Fresh geopolymer mortar was cast into 50 mm steel cubes and cured in an electronic oven for 24 hours at 30ºC and 90ºC. It was demoulded after 24 h and kept at room temperature (28±2 °C) until the testing day. To observe the effect of PMSA in fly ash based geopolymer, setting time and degree of reaction test were conducted, while leaching of alkali metal was evaluated via pH test.
Results and Discussion
Setting Time. Figure 1(a) shows the setting time of geopolymer mortar containing K 2 HPO 4 and PMSA. From the figure, control specimen has a combination of initial and final setting time of 69 min and 130 min, respectively. The inclusion of K 2 HPO 4 in the mixture was able to significantly prolong the setting time. At 0.1%, 0.3%, and 0.5% K 2 HPO 4 inclusion, the initial setting time of fresh geopolymer mixture was recorded at 74 min, 84 min and 100 min, respectively. The result of final setting time was also extended to 150 min (0.1%), 240 min (0.3%), and 290 min (0.5%). Nevertheless, in PMSA based mixture, the setting time of fresh mixture tends to be shorter than
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Advanced Materials Research VIII control, particularly at higher PMSA content. The initial setting time was recorded at 48 min for 5% PMSA inclusion and 40 min for 10% PMSA, while the final setting time was achieved after 100 min (5% PMSA) and 70 min (10% PMSA). This acceleration of setting time occurred due to the excessive amount of calcium in the geopolymer system. It produced a large number of nucleation centres in the paste hence increasing its solidification rate and accelerate the setting time [5, 6] . This result clearly shows that setting time of geopolymer mortar basically relies on the alkali and chemical admixtures used for its synthesis. It will affect the quantitative viscosity and density data of liquid mixtures as they play a key role on the effectiveness chemical process and the molecular existing in mixture process [7] . The presence of anion elements contributes in modifying the activation of geopolymerization. Due to the release of trivalent anion (PO 4 3¯) reformation process was initiated and evolved as a retarding effect to the fresh geopolymer mixture. As mentioned by Lee and Van Deventer (2002) , PO 4 3¯ can prolong the hardening of gel by modifying the dissolution of raw materials or its solidification process. The existence of trivalent anions in solution will reduce the solubility of silicates and aluminates [8] . Reduction of the solubility of silicate and aluminate contributes in extending the formation of alumino-silicate gel.
Degree of Reaction. Degree of reaction controls the rheological and mechanical properties of geopolymer mortar. In geopolymer system, degree of reaction is determined by investigating the unreacted fly ash particles. One and 28 days cured samples were selected for this analysis and the results are shown in Table 2 and 3. It was found that, by increasing the curing duration and temperature, the outcome of degree of reaction for geopolymer mortar will be enhanced. Nevertheless, the escalation of PMSA content in the mixture would present a different trend. In 5% PMSA based specimen, the results consistently showed higher reaction than control, yet it would slightly decrease to be lower than control if the amount of PMSA was increased to 10%. The highest degrees of reaction was obtained by geopolymer specimen that was cured at 90ºC. It shows that thermal activation could accelerate geopolymerization process and enhance the subsequent reactions. The presence of additional CaO in PMSA has enhanced the formation of aluminosilicate gel to form three tetrahedral structures and calcium silicate hydrate gel [9, 10] .
pH of Leachate Analysis. Figure 2(a) and (b) show the pH values of leached solutions for both hardened geopolymer cured in 30°C and 90°C. In general, geopolymer mortar cured at 90°C exhibited a lower pH of solution than 30°C cured specimen. Introduction of elevated temperature curing at 90°C had developed higher degree of reaction and greatest reduction in efflorescence extent. The inclusion of 5% PMSA also accelerated the development of solid structural framework particularly in the early-phase of geopolymerization and reduce the leaching of alkalis and development of efflorescence crystal. 
Conclusion
Based on the experimental results, the inclusion of PMSA in geopolymer mortar presented a positive effect towards degree of reaction and reduction of efflorescence. The calcium content in PMSA contributed to the higher dissolution of amorphous aluminosilicate minerals and precipitation of polysialate phase. Analysis on the pH of solution also indicates the amount of efflorescence crystals and unreacted precursors, particularly from 30 °C cured and non-PMSA specimens. Therefore, a combination K 2 HPO 4 and PMSA has shown a potential outcome in reducing the development of efflorescence crystal and improving the properties of geopolymer mortar. 
